GUJARAT TECHNOLOGICAL UNIVERSITY

MECHANICAL ENGINEERING (19)
DYNAMICS OF MACHINERY
SUBJECT CODE: 2161901
B.E. 6" SEMESTER

Type of course: Under Graduate

Prerequisite: None.

Rationale:

The course aims to introduce fundamentals of forces induced due and responsible for the

the motion of parts of mechanism / machine. This forces most of the time are unwanted and
may cause adverse effect on the function of the mechanism or machine. Hence, the

techniques to determine them and counter them are required to be learned.

Teaching and Examination Scheme:

Teaching Scheme Credits Examination Marks

L

Theory Marks Practical Marks

(E) PA | ALA | ESE | OEP (I)

T P C ESE PA (M) PA (V) PA

Total
Marks

3

0 2 5 70 20 10 20 10 20

150

Content:

Sr.
No.

Content

Total
Hrs

% Wk

Balancing of Rotating Masses:

Concept of static and dynamic balancing, Analysis of effect of unbalanced masses in
single and multiple planes in rotating elements, Bearing reactions.

Approaches and equipment for measurement of unbalanced masses.

10%

Dynamics of Reciprocating Engines:

Single Cylinder Engine: Slider — Crank kinematics (Analytical), Gas force and
torque; static and dynamic equivalence of models (for masses); Inertia, shaking
force and shaking torque, Analysis of pin forces, balancing.

Multi Cylinder Engines: Configurations; Inline Engines: Effect of phase angles,
firing order and number of strokes; Shaking forces and moments, inertia torques and
determination best configuration / unbalanced mass. Analysis of V and radial engine
configurations. Graphical methods may be demonstrated but emphasis should be on
analytical approach.

20%

Introduction to Mechanical Vibrations:

Elements of simple harmonic motion, concept of natural frequency, types of
vibrations, Basic elements and lumping parameters of a vibratory system, lumping
of physical systems, Concept of Degrees of Freedom (DOF).

5%

Single Degrees of Freedom System (Linear and Torsional): Undamped free
vibrations, equivalent stiffness, equivalent systems, determination of natural
frequency; Coulomb and Viscous damping, Types of dampers, Damping coefficient,
damping effects: under, over and critically damped system, Damping factor, damped
natural frequency and logarithmic decay; Analytical solution of Forced vibrations
with harmonic excitation system and vector representation, Dependence of

Magnification Factor, Phase difference and Transmissibility on frequency of

10

20%




excitation for various damping factors, Concept of vibration isolation, effect of base
excitation.
Two Degrees of Freedom System: Equation of motion and principal mode of
vibration, torsional vibrations of two and three rotor system, torsionally equivalent 5 10%
shaft, geared system.
Multi degree freedom systems and analysis (Free vibrations): Concepts of
normal mode vibrations, natural frequencies, mode shapes, nodes, Correct definition 4 5%
of natural frequency.
Vibrations of Continuous Systems (Free Vibrations): Longitudinal vibrations of
bar or rod: Equation of motion and solution, Lateral vibrations of beam: Equation of 4 10%
motion, initial and boundary conditions, solution.
Rotating unbalance: Whirling of shafts, Critical speed and its practical importance
in the design of shafts, Application of Dunkerley’s method and Rayleigh’s method 4 10%
for estimating the critical speed of shafts.
Vibration Measurement: Introduction to vibration measurement and analysis o
devices: Vibrometer, velocity pickup, accelerometer, FFT analyser.
Cam Dynamics:
4 Dynamic analysis of force-closed cam follower: Undamped and Damped response, 4 10%
Jump phenomenon: concept, effect of spring force and dead weights.
** Should be Cover during laboratory sessions.
Suggested Specification table with Marks (Theory):
Distribution of Theory Marks
R Level U Level A Level N Level E Level C Level
10 15 15 10 10 10

Legends: R: Remembrance; U: Understanding; A: Application, N: Analyze and E: Evaluate C:
Create and above Levels (Revised Bloom’s Taxonomy)

Note: This specification table shall be treated as a general guideline for students and teachers. The actual
distribution of marks in the question paper may vary slightly from above table.

Reference Books:

1.

2
3.
4.
)

S S Rao, Mechanical Vibrations, Pearson.
R L Norton, Kinematics and Dynamics of Machinery, McGraw-Hill.

J.Uicker , Gordon R Penstock & J.E. Shigley, Theory of Machines and Mechanisms, Oxford.
Kenneth J Waldron , Gary L Kinzel, Kinematics, Dynamics and Design of Machinery, Wiley.

R L Norton, Design of Machinery, McGraw-Hill.

Course Outcome:
After learning the course the students should be able to:

ropnpE

Determine unbalanced forces and bearing reactions for a system of rotating masses.
Determine unbalanced forces in reciprocating engines.
Determine natural frequency of mechanical systems represented in lumped form.

Determine critical speed shafts with unbalanced rotors and cam-follower system (to avoid jump).

List of Experiments:

1.
2.

Understand and verify the fundamental laws of static & dynamic balancing.
Study balancing of reciprocating masses.




3. Study and confirm relation between the period of oscillation and length of pendulum for simple and
compound pendulums.

4. Study longitudinal vibrations of spring mass system.

5. To study the undamped free vibration of equivalent spring mass system.

6. To determine the time period and frequency of torsional vibrations of a single rotor system.

7. To determine the time period and frequency of torsional vibrations of two rotors system.

8. Study forced damped vibrations of single degree of freedom system.

9. To determine whirling speed of the shaft and study effect of shaft diameter and end conditions on
the same.

10. Study forced lateral vibrations of a beam.

11. Study jump phenomenon in the cam.

12. Vibration measurement and analysis.

Design based Problems (DP)/Open Ended Problem:

1. Design a shock absorber for required performance.

2. Develop instrumentation with computer interface for various vibration setup in laboratory and
validate the same.

3. Develop dynamic models of different types of vehicles and analyse the same.

Major Equipment:

Static and dynamic balancing setup of rotating masses.
Vib-Lab setup.

Whirling of shaft setup.

Cam dynamics setup.

Oscilloscope.
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List of Open Source Software/learning website:

1. www.nptel.ac.in/

Active Learning Assignments (ALA):

Preparation  of power-point slides, which include videos, animations, pictures, graphics for better
understanding theory and practical work - The faculty will allocate chapters/ parts of chapters to groups
of students so that the entire syllabus to be covered. The power-point slides should be put up on the web-site
of the College/ Institute, along with the names of the students of the group, the name of the faculty,
Department and College on the first slide. The best three works should submit to GTU.


http://www.nptel.ac.in/

GUJARAT TECHNOLOGICAL UNIVERSITY

MECHANICAL ENGINEERING (19)
INTERNAL COMBUSTION ENGINE
SUBJECT CODE: 2161902
B.E. 6" SEMESTER

Type of course: Fundamental

Prerequisite: Elements of Mechanical Engineering

Rationale: The course is designed to provide the detailed understanding of internal combustion engine mainly
based on its performance and emission parameters.

Teaching and Examination Scheme:

Teaching Scheme Credits Examination Marks Total
L T P C Theory Marks Practical Marks Marks
ESE PA (M) ESE (V) PA
(E) PA ALA | ESE | OEP 0]
3 0 2 5 70 20 10 20 10 20 150

L- Lectures; T- Tutorial/Teacher Guided Student Activity; P- Practical; C- Credit; ESE- End Semester
Examination; PA- Progressive Assessment; OEP-Open Ended problem; AL-Active learning;

Content:

Sr.
No.

Content

Total
Hrs

% Weightage

1

Introduction: Basic components and terminology of IC engines, working of
four stroke/two stroke - petrol/diesel engine, classification and application of
IC engines, engine performance and emission parameters

Fuel Air Cycles and Actual Cycles: Assumptions for fuel-air cycles,
Reasons for variation of specific heats of gases, change of internal energy and
enthalpy during a process with variable specific heats, isentropic expansion
with variable specific heats, effect of variable specific heats on Otto, Diesel
and Dual cycle, dissociation, comparison of air standard and fuel air cycles,
effect of operating variables, comparison of air standard and actual cycles,
effect of time loss, heat loss and exhaust loss in Petrol and Diesel engines,
valve and port timing diagrams

15

Combustion: Combustion equations, stoichiometric air fuel ratio, enthalpy of
formation, adiabatic flame temperature, determination of calorific values of
fuels — calorimeter*- Bomb and Junkers gas calorimeter

10

Fuels and its supply system for SI and CI engine: Important qualities of IC
engine fuels, rating of fuels, Carburation, mixture requirement for different
loads and speeds, simple carburetor and its working, types of carburetors,
MPFI, types of injection systems in Cl engine, fuel pumps and injectors,
types of nozzles, spray formation

10

* To be covered during laboratory sessions.




5 Ignition and Governing System: Battery and magneto ignition system, spark 4 10
plug, firing order, quality, quantity & hit and miss governing

6 Supercharging: Need for supercharging, Effect of supercharging, types of 4 10
supercharger, methods of supercharging, thermodynamic analysis of
supercharged engine cycle, limitations of supercharging, turbocharging

7 Combustion in SI and CI Engines: Stages of combustion in Sl engines, 7 15
abnormal combustion and knocking in Sl engines, factors affecting knocking,
effects of knocking, control of knocking, combustion chambers for Sl engines,
Stages of combustion in CI engines, detonation in C.I. engines, factors
affecting detonation, controlling detonation, combustion chamber for SI and
Cl engine

8 Engine Lubrication and Cooling: Lubrication of engine components, 3 8
Lubrication system — wet sump and dry sump, crankcase ventilation, Types of
cooling systems — liquid and air cooled, comparison of liquid and air cooled
systems

9 Measurement and Testing of 1C engines: Measurement of indicated power, 4 10
brake power, fuel consumption and emission, Measurement of friction power
by Willan’s Line Method* and Morse Test*, calculation of brake thermal
efficiency, brake power and brake specific fuel consumption of IC Engines,
variable compression ratio engines, heat balance sheet of IC Engines

10 Engine Emission and their control: Air pollution due to IC engines, Euro | 2 5
to VI norms, HC, CO and NOyemission, catalytic convertor
11 | Application of diesel engines in power field, merit and demerits of diesel 1 2

engine power plants, layout of diesel engine power plants

Suggested Specification table with Marks (Theory):

Distribution of Theory Marks

R Level U Level A Level N Level E Level C Level
7 10 17 18 11 7

Legends: R: Remembrance; U: Understanding; A: Application, N: Analyze and E: Evaluate C: Create
and above Levels (Revised Bloom’s Taxonomy)

Note: This specification table shall be treated as a general guideline for students and teachers. The actual
distribution of marks in the question paper may vary slightly from above table.

Reference Books:

Internal Combustion Engine Fundamentals by John B. Heywood, McGraw Hill Education Pvt Ltd.
Internal Combustion Engine by V Ganeshan, McGraw Hill Education Pvt Ltd.

Internal Combustion Engine by M.L.Mathur and R.P.Sharma, Dhanpat Rai Publications (P) Ltd.
Fundamentals of Internal Combustion engine by H.N.Gupta, PHI Learning.

Internal Combustion Engines 2™ Edition by Colin Ferguson and Allan Kirkpatrick, Wiley India Pvt. Ltd.
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Course Outcome:

After learning the course the students should be able to:



Do in-depth cycle analysis for different types of engines.

Analyze fuel supply systems, ignition and governing systems of IC Engines.
Understand combustion process of Sl and CI Engines.

Measure operating characteristics of IC Engines.

Compare the experimental results with theoretical trends.

List of Experiments (Any Ten):

Determination of valve timings for four stroke Petrol/Diesel Engine.

Study about ignition and governing system of | C engines.

Study about supercharging and turbo charging of | C engines.

Study about various methods for measurements and testing of | C engines.

Study about engine emissions and their control.

Performance test of 2 stroke Petrol Engine.

Performance test of 4 stroke Petrol Engine.

Performance test of 2 stroke Diesel Engine.

Performance test of 4 stroke Diesel Engine.

10. Determination of friction power of multi cylinder petrol engine using Morse Test Method.
11. Determination of friction power of single/multi cylinder petrol engine using Willan’s Line Method.
12. Calibration of fuel injector for optimized fuel injection pressure.

13. Measurement of calorific value for solid/liquid/gaseous fuel.

CoNor~wWNE

Design based Problems (DP)/Open Ended Problem:

1. Develop a working model of stirling engine
2. Develop a working model of wankle engine
3. Develop a working model of six stroke engine

Major Equipment:

1. Multi/ single cylinder four stroke petrol engine

2. Multi / single cylinder four stroke diesel engine

3. Multi / single cylinder Two stroke petrol engine

4. Multi / single cylinder Two stroke diesel engine

5. Exhaust gas analyzer

6. Model for fuel supply system of petrol and diesel engine
7. Cut section models of various carburetors

8. Model of battery and magneto ignition system

9. Model of engine cooling system

10. Model of engine lubricating system

List of Open Source Software/learning website:

1. http://nptel.ac.in/
2. http://ocw.mit.edu/

ACTIVE LEARNING ASSIGNMENTS: Preparation of power-point slides, which include videos,
animations, pictures, graphics for better understanding theory and practical work — The faculty will allocate
chapters/ parts of chapters to groups of students so that the entire syllabus to be covered. The power-point
slides should be put up on the web-site of the College/ Institute, along with the names of the students of the
group, the name of the faculty, Department and College on the first slide. The best three works should submit
to GTU.


http://nptel.ac.in/
http://ocw.mit.edu/

GUJARAT TECHNOLOGICAL UNIVERSITY

MECHANICAL ENGINEERING (19)
COMPUTER AIDED DESIGN
SUBJECT CODE: 2161903
B.E. 6" SEMESTER

Type of course: Under Graduate

Prerequisite: None.

Rationale: Computers have become inevitable in today era and find their application in various stages of
product development. This course intends to introduce students to use of computers in the

phases of product design viz. conceptualization, geometric modelling, graphical
representation and finite element analysis.
Teaching and Examination Scheme:
Teaching Scheme Credits Examination Marks
Theory Marks Practical Marks Total
L T P C ESE PA (M) PA (V) PA Marks
(E) PA | ALA | ESE | OEP ()
3 0 2 5 70 20 10 20 10 20 150
Content:
Er(;. Content Tl_?ﬁil % Weightage

1 | Introduction:
A typical product cycle, CAD tools for the design process of product cycle,
CAD / CAM system evaluation criteria, Input / Output devices; Graphics
Displays: Refresh display, DVST, Raster display, pixel value and lookup table,
estimation of graphical memory, LCD, LED fundamentals. 6 15%
Concept of Coordinate Systems: Working Coordinate System, Model
Coordinate System, Screen Coordinate System.
Line and Curve generation algorithm: DDA, Bresenham’s algorithms.
Graphics exchange standards and Database management systems.

2 | Curves and Surfaces:
Parametric representation of lines: Locating a point on a line, parallel lines,
perpendicular lines, distance of a point, Intersection of lines.
Parametric representation of circle, Ellipse, parabola and hyperbola. 7 20%
Synthetic Curves: Concept of continuity, Cubic Spline: equation, properties
and blending. Bezier Curve: equations, properties; Properties and advantages
of B-Splines and NURBS.
Various types of surfaces along with their typical applications.

3 | Mathematical representation of solids:
Geometry and Topology, Comparison of wireframe, surface and solid models,
Properties of solid model, properties of representation schemes, Concept of 4 10%
Half-spaces, Boolean operations. Schemes: B-rep, CSG, Sweep representation,
ASM, Primitive instancing, Cell Decomposition and Octree encoding.

4 | Geometric Transformations:
Homogeneous representation; Translation, Scaling, Reflection, Rotation, 5 10%
Shearing in 2D and 3D; Orthographic and perspective projections. Window to
View-port transformation.




5 | Finite Element Analysis:

Review of stress-strain relation and generalized Hooke's Law, Plane stress and
Plane strain conditions; Concept of Total Potential Energy; Basic procedure for
solving a problem using Finite Element Analysis.

1-D Analysis: Concept of Shape function and natural coordinates, strain -
displacement matrix, derivation of stiffness matrix for structural problems,
properties of stiffness matrix. 1-D structural problems with elimination and 21 45%
penalty approaches, 1-D thermal and fluid problems.

Trusses and Beams: Formulation of stiffness matrix, simple truss problems to
find displacement, reaction and stresses in truss members. Structural analysis
using Euler-Bernoulli beam element.

Higher Order Element: CST element stiffness matrix formulation, shape
functions and applications of Quad and axisymmetric elements.

Suggested Specification table with Marks (Theory):

Distribution of Theory Marks
R Level U Level A Level N Level E Level C Level

10 15 15 10 10 10

Legends: R: Remembrance; U: Understanding; A: Application, N: Analyze and E: Evaluate C: Create
and above Levels (Revised Bloom’s Taxonomy)

Note: This specification table shall be treated as a general guideline for students and teachers. The actual
distribution of marks in the question paper may vary slightly from above table.

Reference Books:
1. Ibrahim Zied, CAD / CAM: Theory and Practice, McGraw-Hill
2. Hearn E Jand Baker M P, Computer Graphics, Pearson.
3. Chandrupatla T A and Belegundu A D, Introduction to Finite Elements in Engineering, PHI.
4. Logan D, A First Course in the Finite Element Method, Cengage.

Course Outcome:
After learning the course the students should be able to:
1. Understand and appreciate use of computer in product development.
2. Apply algorithms of graphical entity generation.
3. Understand mathematical aspects of geometrical modelling.
4. Understand and use finite element methods for analysis of simple components.

List of Experiments:

Prepare a programme for plotting lines and curves using algorithms learned.
Introductory exercise for 3-D modelling.

Exercise for advanced 3-D modelling.

Exercise for 3-D editing options.

Exercise for Assembly modelling.

Exercise for surface modelling.

Introductory exercise for finite element analysis.

NoogkrwdpE



8. Exercise for FEA of 1-D structural problems.
9. Exercise for FEA of trusses.

10. Exercise for FEA using Beam Element.

11. Exercise for FEA of 1-D thermal problems.
12. Exercise for FEA of 1-D fluid problems.

13. Exercise for FEA of 2-D structural problems.

Design based Problems (DP)/Open Ended Problem:

1. Design a structural component using conventional method, prepare a CAD model, assemble it,
synthesize it and perform FEA and compare results of conventional design.

Major Equipment:
1. Computers / Workstations
2. CAD Software
3. FEA Software

List of Open Source Software/learning website:

1. www.nptel.ac.in/

ACTIVE LEARNING ASSIGNMENTS: Preparation of power-point slides, which include videos,
animations, pictures, graphics for better understanding theory and practical work — The faculty will allocate
chapters/ parts of chapters to groups of students so that the entire syllabus to be covered. The power-point
slides should be put up on the web-site of the College/ Institute, along with the names of the students of the
group, the name of the faculty, Department and College on the first slide. The best three works should submit
to GTU.


http://www.nptel.ac.in/

GUJARAT TECHNOLOGICAL UNIVERSITY

MECHANICAL ENGINEERING (19)
INDUSTRIAL ENGINEERING
SUBJECT CODE: 2161907
B.E. 6" SEMESTER

Type of course: Under Graduate

Prerequisite: None.

Rationale:
Industrial Engineering course is to prepare students to understand different aspects like: Plant location and
its selection, Plant layout within the plant. It also helps to understand and apply different concept of
production planning and control. Study of productivity and Work-study are important tools, after studying it
student are able to apply it in the industry for productivity improvement. This course gives idea about how
to prepare job plan, and also gives knowledge of industrial legislation. Finally it provides knowledge about
quality and entrepreneurship.

Teaching and Examination Scheme:

Teaching Scheme Credits Examination Marks

L

Theory Marks Practical Marks

T P C ESE PA (M) PA (V)
(E) PA | ALA | ESE | OEP

PA
(1)

Total
Marks

3

0 2 5 70 20 10 20 10

20

150

Content:

Sr.
No.

Content

Total
Hrs

% Weightage

1

Location Selection and Plant Layout:

Nature of Location Decision, Importance of Plant Location, Dynamic Nature
of Plant Location, Choice of site for selection, Comparison of location,
Principles of Plant layout and Types, factors affecting layout, methods,
factors governing flow pattern, travel chart, analytical tools of plant layout,
layout of manufacturing shop floor, repair shop, services sectors and process
plant. Quantitative methods of Plant layout: CRAFT and CORELAP,
Relationship diagrams.

08

15%

Production Planning and Control:

Types of Production systems and their Characteristics, functions and
objectives of Production Planning and Control, Sales forecasting: Technigues
and Applications, Steps of Production Planning and Control: Process
planning, Leading, Scheduling, Dispatching and Expediting with illustrative
examples, Introduction to line of balance, assembly line balancing, and
progress control.

08

18%

Productivity and Work Study:

Definition of productivity, application and advantages of productivity
improvement tools, reasons for increase and decreases in productivity. Areas
of application of work study in industry. Reaction of management and labour
to work study.

Method Study: Objectives and procedure for methods analysis, Recording
techniques, Operations Process Chart, Flow Process Chart, Man-Machine ,
Multiple Activity Chart, Travel Chart, and Two Handed process chart,
String Diagram, Therbligs, Micro motion and macro-motion study: Principles

08

20%




of motion economy, Normal work areas and work place design.

Work Measurement: Objectives, Work measurement techniques — time study,
work sampling, pre-determined motion time standards (PMTS) Determination
of time standards. Observed time, basic time, normal time, rating factors,
allowances, and standard time. Introduction to ergonomics.

4 | Job Evaluation and Wage Plan:

Objective, Methods of job evaluation, job evaluation procedure, merit rating
(Performance appraisal), method of merit rating, wage and wage incentive
plans.

05 10%

5 | Industrial Legislation:

Need for Industrial legislation, Factories act 1948, Industrial dispute act 1947,
The Indian trade unions act 1926, Industrial employment act 1946, Payment | 05 10%
of wage act 1936, Workmen compensation act 1923, Payment of bonus act
1965, Employees provident fund scheme 1952.

6 | Inspection and Statistical Quality Control:

Inspection — functions, types, objectives and benefits, quality control
principles, Concepts of quality circles, Total quality management, Quality
assurance, Quality audit, Basic Concept ISO 9000, 1SO 14000 and QS 9000,
Six sigma: Concept, Principle, Methodology, Scope, Advantage and

[0)
limitations. 08 20%
SQC Concept, variable and attributes, normal distribution curves and its
property charts for variable and attributes and their applications and
interpretation (analysis) process capability. Acceptance sampling, sampling
plans, OC curves and AOQ curves.
7 | Entrepreneurship:
Concept, product identification, infrastructure facilities, preparation of project 03 07%
report, sources of industrial finance, Resources allocation, Government 0
incentives to entrepreneurs.
Suggested Specification table with Marks (Theory):
Distribution of Theory Marks
R Level U Level A Level N Level E Level C Level
10 15 15 10 10 10

Legends: R: Remembrance; U: Understanding; A: Application, N: Analyze and E: Evaluate C:
Create and above Levels (Revised Bloom’s Taxonomy)

Note: This specification table shall be treated as a general guideline for students and teachers. The actual
distribution of marks in the question paper may vary slightly from above table.

Reference Books:

1. Manufacturing Organisation and Management, Harold Amrine, John Ritchey, Moodie, Kmec, 6ht
Ed., Pearson
Production System, Planning, Analysis and Control — By J.L. Riggs 3" ed. Wiley
Production and Operations Management — By R. Panneerselvam, PHI Private Ltd.,
Industrial Engineering and Production Management Martand Telsang S Chand & company.
Industrial Engineering and Production Management by Banga and Sharma, Khanna Publishers.
Industrial Engineering and Management by Dr. B. Kumar Khanna Publishers
Work study by International Labour Organisation, ILO
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Course Outcome:

After learning the course the students should be able to:

Demonstrate location decision and site selection

Use of plant layout knowledge for betterment of plant

Use of Production planning and control

Solve forecasting problem by applying different techniques

Understanding planning, scheduling and sequencing problems for shop floor
Demonstrate assembly line balancing and dispatching

Apply work study techniques and understands its importance for better productivity
Demonstrate wage and incentive plans

Acquire knowledge of industrial legislation

Apply statistical quality control techniques for inspection

Learn about entrepreneurship to become entrepreneur

RBRowoo~NooOR~MwONME
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List of Experiments:

1. Case study demonstration on location decision and site selection

2. Case study on plant layout problem

3. Exercise on Production planning and control: planning, scheduling and sequencing
problems for shop floor

4, Exercise on forecasting problem by applying different techniques

5. Simple Exercise on assembly line balancing and line of balance.

6. Exercise on OPC, FPC, Travel chart

7. Exercise on Method study, Motion Study and work measurement

8. Problems on wage and incentive plans

9. Exercise on statistical quality control techniques

Design based Problems (DP)/Open Ended Problem:
1. Report preparation on plant layout and site selection for different industries
2. Operation and flow process chart for different products
3. Work Measurement case study
4. Real life problems on statistical quality control problems

Major Equipment:

1. Work study exercise Kit:

List of Open Source Software/learning website:

1. www.nptel.ac.in/

ACTIVE LEARNING ASSIGNMENTS: Preparation of power-point slides, which include videos,
animations, pictures, graphics for better understanding theory and practical work — The faculty will allocate
chapters/ parts of chapters to groups of students so that the entire syllabus to be covered. The power-point
slides should be put up on the web-site of the College/ Institute, along with the names of the students of the
group, the name of the faculty, Department and College on the first slide. The best three works should
submit to GTU.


http://www.nptel.ac.in/

GUJARAT TECHNOLOGICAL UNIVERSITY

MECHANICAL ENGINEERING (19)
REFRIGERATION AND AIRCONDITIONING
SUBJECT CODE: 2161908
B.E. 6" SEMESTER

Type of course: Core course

Prerequi

site: Thermodynamics

Rationale: The course is designed to give fundamental knowledge of types of refrigeration, refrigeration
cycles, refrigerants and behavior under various conditions, different air conditioning terms and load
calculation, designing of components of air distribution system.

Teaching and Examination Scheme:

Teaching Scheme

Credits Examination Marks

L T P C

Theory Marks Practical Marks

ESE
(E)

PA (M)

ESE (V)

PA

ALA

ESE

OEP

PA
(1

Total
Marks

3

70

20

10

20

10

20

150

Content:

Sr.
No.

Content

Total
Hrs

%
Weight
age

1

Introduction: Brief history and need of refrigeration and air conditioning,
methods of producing cooling, ton of refrigeration, coefficient of performance,
types and application of refrigeration and air condensing systems.

Refrigerants: Classification, nomenclature, desirable properties, secondary
refrigerants, future industrial refrigerants

Air refrigeration: Reversed Carnot cycle and its limitation, Bell-Coleman
cycle, aircraft refrigeration, working and analysis of Simple; Bootstrap; Reduced
ambient and Regenerative air refrigeration systems

Vapour Compression system: Simple system on P-h and T-s diagrams, analysis
of the simple cycle, factors affecting the performance of the cycle, actual cycle
Compound Compression System: Compound compression with intercooler,
flash gas removal and flash intercooler, multiple evaporators with back pressure
valves and with multiple expansion valves without flash inter cooling, analysis
of two evaporators with flash intercooler and individual expansion valve and
multiple expansion valve, cascade refrigeration system

16

Absorption refrigeration system: Desirable characteristics of refrigerant,
selection of pair, practical H.O -NHs cycle, LiBr—H,O system and its working,
h-x diagram and simple calculation of various process like adiabatic mixing and
mixing with heat transfer, throttling, Electrolux refrigeration system*

Refrigeration system components: Types; construction; working; comparison
and selection of compressors*; condensers; expansion devices; and evaporators,
refrigeration piping accessories*, evacuation and charging of refrigerant*,
properties and classification of thermal insulation

12

Psychrometry: Dalton’s law of partial pressure, Properties of moist air,
temperature and humidity measuring instruments, psychrometric chart,
psychrometric processes such as sensible heating and cooling, heating and
humidification cooling and dehumidification, chemical dehumidification,
adiabatic saturation

13

Human comfort: Selection of inside design conditions, thermal comfort, heat
balance equation for a human being, factors affecting thermal comfort, Effective
temperature, comfort chart and factors governing effective temperature, selection
of outside design conditions

Load analysis: Site survey, outdoor and indoor design conditions, classification

15




of loads, flywheel effect of building material and its use in design, effect of wall
construction on cooling load, instantaneous heat gain (IHG) and instantaneous
cooling load (ICL) heat transmission through sunlit and shaded glass using
tables, method of reduction of solar heat gain through glass, calculations of
cooling load TETD due to sunlit and shaded roof and walls using tables,
ventilation and air infiltration, load due to outside air, heat gain from occupants;
electric lights; product; electric motor and appliances, load calculations for
automobiles, use of load estimation sheet*, introduction of CLTD method

10 Duct design and air distribution: Function; classification and economic factors 4 10

influencing duct layout, equal friction method of duct design, use of friction
chart, dynamic losses and its determination, Requirements of air distribution
system, air distribution, grills, outlets, application, location

11 | Air-conditioning systems: Classification, system components, all air; all water; 3 8

and air-water systems, room air conditioners, packaged air conditioning plant,
central air conditioning systems, split air conditioning systems

* To be covered in practical sessions only.

Suggested Specification table with Marks (Theory):

Distribution of Theory Marks

R Level

U Level A Level N Level E Level C Level

10 20 15 10 10 5

Legends: R: Remembrance; U: Understanding; A: Application, N: Analyze and E: Evaluate and above
Levels (Revised Bloom’s Taxonomy)

Note: This specification table shall be treated as a general guideline for students and teachers. The actual
distribution of marks in the question paper may vary slightly from above table

Reference Books:

N~ LNE

Refrigeration and Air Conditioning by C P Arora, McGraw-Hill India Publishing Ltd.
Refrigeration and Air-conditioning by Ramesh Arora , Prentice Hall of India
Refrigeration and Air Conditioning by Manohar Prasad, New Age International Publisher
Principles of Refrigeration by Roy. J Dossat, Pearson Education

Refrigeration and Air Conditioning by Jordon and Prister, Prentice Hall of India Pvt. Ltd.
Refrigeration and Air Conditioning by W.F. Stocker and J. W. Jones, McGraw-Hill
Refrigeration and Air Conditioning by Ameen Ahmadul, PHI India

Automobile Air conditioning by Crouse and Anglin, McGraw Hill Publications

Course Outcome:
After learning the course the students should be able to:

Understand the basic concepts of refrigeration and air conditioning systems

Understand and analysis of various refrigeration cycles

Make basic calculation of psychometric properties and process

Do basic calculations of heating and cooling load requirements of a room.

Apply scientific and engineering principles to analyze and design aspects of engineering systems that
relate to refrigeration and air conditioning.

List of laboratory experiments: (Any 10 of the following experiments to be performed)

1.
2.
3.

4.

o

~

To understand different components of VCR system and to determine its COP

To understand working of Electrolux refrigerator and to determine its COP.

To understand construction and working of reciprocating, rotary and centrifugal compressor used for
R&AC.

To understand various tools used for refrigeration tubing and and to perform various operations like
flaring, swaging, bending, brazing etc.

To perform different psychrometric processes and analyze the same using psychrometric chart.

To understand construction and working of window air-conditioner/ split air-conditioner and to determine
its capacity.

To determine COP and apparatus dew point of an air conditioning test rig.

To calculate cooling load of a confined space using table and compare the same with load estimation
sheet.

Study of domestic refrigerator and to determine % running time at different thermostat settings.




10. To determine (COP)c and (COP)y of heat pump
11. To determine saturation efficiency of air cooler/air washer
12. Study of packaged plant

Design based Problems (DP)/Open Ended Problem:

e Calculation of cooling load for a shopping mall or a large building.

Make calculation of thermal insulation for a small cabin to prevent heat loss.

Design and construction of a personal cooler.

Determine evaporative cooling capacity of a desert cooler.

Prepare duct layout for a shopping mall or a large building using any one method. (Different groups can
take one method for same building and discuss the results).

e Thermal design of condenser used for R&AC

Major Equipment:

Vapor compression test rig

Vapor absorption test rig

Sectional models of various type of compressors

Air conditioning test rig

Aiir cooler apparatus

Apparatus to perform various psychrometric processes
Tools for refrigeration tubing

Mechanical heat pump

List of Open Source Software/learning website:
1. http://nptel.ac.in/
2. www.learnerstv.com

ACTIVE LEARNING ASSIGNMENTS: Preparation of power-point slides, which include videos,
animations, pictures, graphics for better understanding theory and practical work — The faculty will allocate
chapters/ parts of chapters to groups of students so that the entire syllabus to be covered. The power-point
slides should be put up on the web-site of the College/ Institute, along with the names of the students of the
group, the name of the faculty, Department and College on the first slide. The best three works should submit
to GTU.
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Type of course: Under Graduate

Prerequisite: Manufacturing Processes —I

Rationale:Students will be able to apply basics of metal machining processes very well. They can
have enough knowledge of different forces acting while cutting with tool life and wear. They can
interpret and utilize the economics of machining. Learns the technology of Gear and threads
manufacturing which is grassroots knowledge of any manufacturing industries. They are able
understand the usefulness of Jig & Fixtures, Presses & Press work, Types of Dies and various forces
acting during cutting. They also understand non conventional machining processes its importance,
application advantages and economy aspect in production technology.

Teaching and Examination Scheme:

Teaching Scheme | Credits Examination Marks

L

Theory Marks Practical Marks

Total

T P C ESE PA (M) PA (V)

PA

(E) PA | ALA | ESE | OEP 0

Marks

3

0 2 5 70 20 10 20 10

20

150

Content:

Sr.
No.

Topic

No. of
Hours

%Weightage

1

Metal Cutting: Principles of metal cutting, classification of Metal
cutting/machining processes: Orthogonal and oblique cutting, Effect
of tool geometry and other cutting parameters, Mechanisms of
formation of chips, types of chips formed, chip Breakers, concept of
specific cutting pressure, The forces acting on the cutting tool and
their measurement, Merchant’s circle diagram, force dynamometer,
force and velocity relationship, Tool wear, Factors causing wear, tool
life, variables affecting tool life, economical cutting speed,
machinability of metals.

10

25

Thermal Aspects in Machining: Sources of heat generation in
machining and its effects, Temperature Measurement techniques in
machining, types of cutting fluids, Functions of cutting fluid,
Characteristics of cutting fluid, Application of cutting fluids,
Economics of Metal Cutting Operations.

05

10

Gear and Thread Manufacturing: Different types of Threads
manufacturing methods, and tools involved, Different gear forming
and generating methods with their special features, Gears finishing
processes.

05

10

Jigs and Fixtures: Definition, Differences between Jigs and
Fixtures, Its usefulness in mass production, design principles, 3-2-1
location principle and its application to short and long cylinders,
types of locators, concept of work piece control, geo metric control,

06

15




dimensional control and mechanical control, Clamps, jig bushes, Jigs
and fixtures for various machining operations.

Press Tool: Classification of presses, Classification of dies, cutting 09
actions in dies, clearance, cutting forces, Methods of reducing
cutting forces, Minimum Diameter of Piercing Center of Pressure,
Blanking, Piercing, Drawing, Bending and Progressive Die design,

scrap reduction, strip layout.

20

Non-conventional Machining: EDM, IBM, ECM, ECG, CM,
AJM, Wire cut EDM, USM, LBM process principle, process
parameters and their applications. Process capabilities and their
applications.

10 20

Suggested Specification table with Marks (Theory):

Distribution of Theory Marks

R Level

U Level A Level N Level E Level C Level

10 15 15 10 10 10

Legends: R: Remembrance; U: Understanding; A: Application, N: Analyze and E: Evaluate C:
Create and above Levels (Revised Bloom’s Taxonomy)

Note: This specification table shall be treated as a general guideline for students and teachers. The
actual distribution of marks in the question paper may vary slightly from above table.

Reference Books:
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Metal Cutting principles, by M C Shaw, Oxford University press

Fundamentals of machining and machine tools, by Boothroyd - CRC publication
Production Technology - H.M.T. By HMT

Tool Design by Donaldson, Tata McGraw Hill Pub.

Metal cutting Principles by Trent McGraw Hill Pub

Workshop Technology Vol. Il by Raghuvanshi, Dhanpat rai Pub

Production Technology by R.K. Jain, Khanna Pub

Course Outcome:

1.
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Students will be able to apply basics of metal machining processes very well with the detailed
signature of tools.

Students able to understand different forces acting while metal cutting and can draw merchant
circle diagram and also able to apply knowledge to economic metal cutting.

Students can able to grasp distinctive knowledge of gear forming and its generating methods.
Students are able to clutch its usefulness and design of such locating and fixing devises.
Learn in depth about press and press work

Gained elementary knowledge in Non-conventional machining and its application in
industries.

List of Experiments:

1.
2.
3.

Study of various types of cutting tools and measurement of tool geometry
To Understand the Effect of Chosen Parameters on the type of chip produced
Determination of chip-thickness ratio and shear plane Angle During Machining




4. Measurement of cutting forces in turning using Lathe Tool Dynamometer under various
cutting conditions

To study the Temperature Measurement on chip tool interface

To study and understand the effect of a suitable cutting lubricant

Design aJig and Fixture for given component

To study different press and design of punch and die, also exercise on strip layout and center
of pressure

9. Study of Unconventional Manufacturing Process and simple exercise on metal removal rate.
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Design based Problems (DP)/Open Ended Problem:
1. Force measurement

2. Design and manufacturing of jig and fixture
3. Design of punch and dies

Major Equipment:

1. Lathe and drill tool dynamometer

2. Press tool, with simple die and punches
3. lJigs and Fixtures

4. Unconventional machines

List of Open Source Software/learning website:

1. www.nptel.ac.in/

ACTIVE LEARNING ASSIGNMENTS: Preparation of power-point slides, which include
videos, animations, pictures, graphics for better understanding theory and practical work —
The faculty will allocate chapters/ parts of chapters to groups of students so that the entire
syllabus to be covered. The power-point slides should be put up on the web-site of the
College/ Institute, along with the names of the students of the group, the name of the faculty,
Department and College on the first slide. The best three works should submit to GTU.


http://www.nptel.ac.in/

